Objectives: To determine the relationship between long-term change in activities of daily living (ADL) and falls in the elderly and to identify characteristics of groups at risk for falls. Methods: This was a 6-year, prospective cohort study using data from the Good Aging in Skåne study in southern Sweden, involving 1,540 elderly subjects, including the oldest-old (age, 60-93 years). The subjects were recruited from the general population. ADL was measured at a baseline and follow-up assessment, using Sonn and Åsberg's revised scale and the ADL staircase. Falls were recorded in a period of 6 months before the follow-up assessment. The association between falls and change in ADL was calculated using adjusted, multiple logistic regression analysis and presented in odds ratios (ORs). Results: Thirteen percent of the study population reported one or several falls in the measured period. Over the course of 6 years, one in four participants changed their ADL status, and parts of this category had an increased risk for falls compared with those who stayed independent in ADL or who had no change in the ADL staircase. Groups with different characteristics had a prominent risk for falls: those with a reduction of two to eight steps in the ADL staircase (OR, 4.05; 95% confidence interval [CI], 1.62-10.11) and those becoming independent from dependency in instrumental ADL (OR, 4.13; 95% CI, 1.89-9.00). The former group had advanced age with a greater burden of cognitive impairment, gait disability, arrhythmia, and fall risk medications. The latter group had a higher prevalence of ischemic heart disease and low walking speed. Conclusion: Both deterioration and improvement in ADL over the course of 6 years increased the risk for falls in a general elderly population. Interventional efforts may require different strategies, as groups with different characteristics were at risk. Those at risk with improved ADL function may have a history of sufficient burden of comorbidity combined with obtained mobility for exposure to a fall event.
Introduction
In a "graying world" with increased longevity, falls in the elderly stand for substantial morbidity and mortality. [1] [2] [3] Without preventive and interventional efforts, falls and associated injuries may increase substantially in the coming decades, as they seem to increase exponentially with advancing age. 4, 5 In Sweden, 875 individuals died directly from falls in 2011 compared with 325 individuals who died in road traffic accidents. 6 In addition to fatal and severe injuries such as hip fractures and head injuries, the consequences of falls are broad and contribute to immobility and submit your manuscript | www.dovepress.com
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Stenhagen et al premature institutionalization. 1, 7, 8 Prospective cohort studies indicate that falls seem to be an independent determinant for functional decline and dependency in activities of daily living (ADL) in a general elderly population. [9] [10] [11] In addition, a faller can develop a "fear of falling," conceptualized as a loss of self-confidence, self-efficacy, and activity avoidance. 12, 13 Altogether, falls are a major health burden, meeting the criteria for preventive measures. 11 To optimize preventive interventions, there is a need for epidemiological studies to target individuals at risk. 14, 15 According to a joint American and British guideline, several epidemiological studies have identified numerous risk factors for falls in a general elderly population; thus, it is well established that causes of falls are multifactorial. 1 In addition to distinct risk factors such as advanced age and general frailty, several factors and markers seem to be associated with mobility and the musculoskeletal system (eg, muscle weakness, gait deficit, and the use of a walking aid). [16] [17] [18] [19] Furthermore, individuals with low overall function with impairment or dependency in ADL make up a group at risk. 1, 7, 20 In geriatric medicine, clinicians have long recognized the importance of diagnosing a disease combined with an assessment of its sequelae on overall function. The concept of comprehensive geriatric assessment has been used in this context. 21 From the perspective of the affected individual (eg, after a stroke), the most central aspect of quality of life may be the ability to remain independent in the home environment. [22] [23] [24] The concept of ADL has been developed and refined since the 1950s and is a cornerstone of geriatric rehabilitation. 25 It is useful in assessing the individual need for care and the progress of rehabilitation. In an epidemiological perspective, it can be used to evaluate the longitudinal progress of disability in the aging process. 22, 26 As a result of a growing elderly population, an increasing proportion of individuals with functional disability and loss of independence is expected. 24, 27 With an impending parallel increase of falls in the elderly, it is relevant to study the interaction between longitudinal change in ADL and falls. There is, to our knowledge, no previous study that analyzes the association between long-term change in ADL function and the risk for falls in a general elderly population. This aspect can be useful in identifying groups at risk and in better understanding the natural course of disability over time.
The aim of this study was to determine the relation between change in ADL and falls over the course of 6 years in a general elderly population and to identify characteristics of groups at risk for falls.
Methods
Study population
This was a 6-year, prospective cohort study based on data from the ongoing, longitudinal population study Good Aging in Skåne, which is part of the Swedish National Study of Aging and Care. 28, 29 Participants from five municipalities, both urban and rural, in the region of Skåne in southern Sweden, were randomly selected using the National Population Register. The only exclusion criterion was the inability to speak and understand Swedish. Both men and women from the nine age cohorts (60, 66, 72, 78, 81, 84, 87, 90, and 93 years) were invited. The response rate was 60%. Initially, 2,931 subjects participated in a baseline assessment from February 2001 to July 2004. The assessment was performed at an outpatient research center or at the subject's own home or in sheltered housing. All subjects were invited to a 6-year follow-up assessment taking place between March 2007 and December 2011. The response rate of those not deceased or vacated was 80%, with 1,831 subjects participating. Fallers at baseline and those with missing data on falls and ADL were excluded from the study (n=133/158). Finally, 1,540 subjects met the criteria for inclusion in the study population.
Data were solely recorded at the baseline and at the 6-year follow-up assessment. The incidence of falls in the period of 6 months before the follow-up was recorded by a face-to-face interview with a physician. Using a structured questionnaire, the subject was asked, "Have you fallen once or more in the last 6 months?" Those who had fallen once or more were dichotomized as fallers. Because of the extensive scope of the study, no continuous assessment of the incidence of falls could be carried out throughout the study.
Sociodemographic factors and assessment of physical activity were obtained using self-reported questionnaires at baseline. Low physical activity was classified as scoring 1 or 2 points on the 6-level physical activity scale by MattiassonNilo et al. 30 The need for a walking device was assessed by a registered nurse. Walking speed was measured by timing the subject's maximal walking speed over 15 m without running. Low walking speed was defined as obtaining a time above the median value of the study population.
Comorbidity and medications
A detailed medical examination, including medical history and records, was made by a physician at the baseline and follow-up assessments. The classification of medical diagnoses was based on the International Classification of Diseases, Tenth Revision, at the baseline assessment. 31 The factor heart disease was composed of angina, myocardial infarction, and 
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Falls and change in ADL arrhythmia. Heart failure with symptoms was based on a score of 2-4 in the New York Heart Association classification of congestive heart failure. 32 Cognitive function was screened using the Mini-Mental State Examination scale. 33 A score below 24 points on that scale defined suspected cognitive impairment. The use of medications was registered according to the Anatomical Therapeutic Chemical classification system at the baseline assessment. 34 The use of fall risk drugs included the use of sedatives/hypnotics, neuroleptics, anticholinergic drugs, antihypertensives (beta-blockers, angiotensin-converting enzyme inhibitors, calcium channel blockers), and/or diuretics (thiazide-and loop-diuretics).
ADL assessment
ADL was assessed through self-report according to Sonn and Åsberg's revised ADL scale, using identical protocols at the baseline and follow-up assessment. This instrument is a development of the Katz ADL index and has been tested for both reliability and validity. 35, 36 The instrument includes ten activities, which can be divided into four instrumental activities of daily living (iADL: cleaning, grocery shopping, transportation, and cooking), and six personal activities (pADL: bathing, dressing and undressing, toileting, mobility, incontinence, and food intake). These activities can be arranged hierarchically in the form of the ordinal, 10-step ADL staircase, where a higher score indicates a lower functional ability. Those dependent in activities with a higher score (eg, food intake) are estimated to be dependent in activities with a lower score.
Dependency in iADL was defined as independence in the activities of pADL while being dependent in at least one activity in iADL. Dependency in pADL was defined as being dependent in at least one activity in pADL.
Statistical methods
The study population was divided into eight groups according to their change or no change in ADL status from baseline to the follow-up assessment (n=1,540; Table 1 ). Furthermore, the individual change in the ADL staircase was calculated by subtracting the baseline score from the score at the follow-up assessment. Using this method, a positive difference corresponded to a functional decline. The size of the analyzed group in this measurement was reduced, with 340 subjects missing as a result of the sensitivity of the missing data in computing the score of the ADL staircase. Those with complete data were divided into four groups according to their difference or no difference in score over time (n=1,200; Table 1 ).
The association between each individual group and the incidence of one or more falls 6 months before the follow-up assessment was initially analyzed using an unadjusted logistic regression analysis, with the results presented in crude odds ratios (Table 1 ). In the analyses of the groups with change in ADL status, the group who stayed independent in ADL was used as the reference (n=831). In the corresponding analyses 
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Stenhagen et al of change in the ADL staircase, the reference group included those with no change in score (n=883).
To adjust for confounding factors, a multiple logistic regression analysis was used, adjusted for age, sex, and comorbidity. This model was based on a preceding prospective analysis of the study population, 20 in which a principal component analysis revealed three independent, thematic components predicting falls: reduced mobility (including indoor adaptation, osteoarthritis of hip and/or knee, low walking speed, and impaired mobility), functional impairment (including dependence in pADL and nocturia), and heart dysfunction (including heart disease, heart failure with symptoms, and the use of fall risk drugs). As the two former components were assumed to be intimately associated with ADL, they were not used in the multiple regression model of this study in an attempt to reduce multicollinearity between the explanatory variables for falls. The independent component heart dysfunction, including the factors heart disease, heart failure with symptoms, and use of fall risk drugs, was used in the final model to adjust for comorbidity. The results of these analyses were presented in odds ratios (ORs) ( Table 1) .
Finally, a descriptive analysis was made of the characteristics of selected groups with risk for falls ( Table 2) . The proportions of a number of categories in each group were compared with those who stayed independent in ADL (n=831). The statistical differences were analyzed using Pearson's chi-squared test complemented with Fisher's exact test when the sample sizes were small. SPSS software package version 20 was used for all statistical analyses. Throughout the study, a 95% confidence interval (CI) and a P-value 0.05 defined significance. All P-values were two-sided.
Ethics approval
The study was approved by the Ethical Committee of Lund University, Sweden, and all participants gave their written informed consent.
Results
The study population consisted of 46% men and 54% women. The age range was 60-93 years at the baseline assessment, with a mean age of 68.8 (standard deviation, 8.8) years. Sixtyfour percent of the participants were in their sixties, and 20% were in their seventies. Fourteen percent were in their eighties, and 3% were older than 90 years. A majority lived in an urban setting (91%); 9% lived in a rural environment. More than one in three lived alone (37%), and 11 subjects were recruited from sheltered housing. Twenty-two percent had a higher education, and 10% were born outside Sweden. Six percent of the study population had suspected cognitive impairment. Thirteen percent reported one or several falls in the period of 6 months before the 6-year follow-up assessment.
Slightly more than one in four participants changed their status in ADL over the course of 6 years (Table 1) . Approximately half the population remained independent in ADL, and almost one in five remained dependent in ADL. Seventeen percent went from independence in ADL to dependence in pADL or iADL. Almost one in ten went from dependence in pADL or iADL to independence in ADL. In those with complete data on the ADL staircase, almost three in four had no change in their score. Slightly more than 16% increased their score, indicating a functional decline, whereas almost 8% decreased their score.
In the adjusted multiple regression analysis, losing independency in ADL increased the risk for falls (Table 1; OR, 1.97; 95% CI, 1.25-3.10), especially in those becoming dependent in pADL (OR, 2.31; 95% CI, 1.42-3.76). The group with a functional decline of two to eight steps in the ADL staircase had a prominent risk for falls (OR, 4.05; 95% CI, 1.62-10.11). Those becoming independent in ADL had an increased risk for falls (OR, 2.25; 95% CI, 1.35-3.75), especially those becoming independent from dependency in iADL, displaying an OR of 4.13 (95% CI, 1.89-9.00). In line with this, an improvement of one to three steps in the ADL staircase increased the risk for falls (OR, 1.91; 95% CI, 1.11-3.29). The overall association between change in the ADL staircase and the risk for falls in ORs is graphically presented in Figure 1 .
The descriptive analysis of the selected groups with increased risk for falls revealed different characteristics of the subjects at risk. Those with a decline of two to eight steps in the ADL staircase were significantly older with a lower walking speed and higher use of a walking device compared with those staying independent in ADL ( Table 2) . This group had a higher prevalence of arrhythmia and suspected cognitive impairment, with a greater consumption of sedative/ hypnotic and diuretic drugs. Those becoming independent from iADL dependency had a significant lower walking speed and higher prevalence of ischemic heart disease (angina and myocardial infarction).
Discussion
Main findings and clinical implications
According to results of this study, 17% of the study population became dependent in ADL and 16% had a functional decline in the ADL staircase over 6 years. These numbers correspond well with a previous prospective cohort study of the elderly in which 19% became more dependent in functional ability over the course of 6 years. 37 In total, one-quarter of the study population changed their ADL status over the course of 6 years. This category included the groups with the most prominent risk for falls; for example, the group with a marked decline in the ADL staircase (two to eight steps). This seems to be a group with impairments in multiple domains, which can generate frailty with a reduced compensatory ability. This group fulfilled many of the criteria of a "geriatric syndrome," with a higher prevalence of advanced age, female sex, gait disability, arrhythmia, cognitive impairment, and consumption of fall risk medications.
Somewhat paradoxically, those who improved their functional ability and became independent from ADL dependency had an increased risk for falls. Hence, the risk for falls in relation to change in ADL could be interpreted as a U-shaped curve (Figure 1 ). According to reviews, this pattern has been described in the literature regarding the association between physical ability and falls in the elderly, where the risk for falls is suggested to be generally reduced among physically active people, with a potential increased risk among the most active and inactive individuals. 18, 38 In a large, prospective cohort study of a general elderly population, the most active quartile had a significantly greater fall risk than the least active quartile. 39 The group that became independent from iADL dependency had the most marked risk for falling in our study, although the confidence interval was wide. This group was seemingly younger, physically and cognitively intact, with moderate consumption of risk medications, but with a higher prevalence of ischemic heart disease. A majority of this group was men, although the sex difference was not statistically significant (P=0.157). In a study of 9,250 elderly individuals from a general population, the risk for falls peaked at an intermediate ADL limitation stage, an assumed point at which the individual had significant disabilities but sufficient function to remain partially active. 40 In line with this, this particular group at risk in this study may be subjects with a sufficient burden of comorbidity combined with obtained mobility for exposure to a fall event.
Both groups with prominent risk for falls had an increased prevalence of heart dysfunction (arrhythmia and ischemic heart disease, respectively). This is notable, as the prevalence of cardiovascular causes of falls in the general population is largely unknown and there may be overlap between the symptoms of falls and syncope in the elderly. 1 Those who became independent from dependency in iADL had an increased prevalence of angina and myocardial infarction. As the presence of this condition was assessed at the baseline, one can hypothesize that these individuals were recommended to improve their activity by medical providers after their diagnosis. More research is needed on the associations among falls, ischemic heart disease, and improvement in ADL, as they may be of significant clinical relevance for practitioners who diagnose and treat heart conditions in this age group.
The overall finding of this study implies there are groups of different characteristics at risk for falls in a general elderly population. Therefore, interventional efforts may require different strategies. A meta-analysis of six studies reported that physical training reduced the number of individuals who fell among older adults. 41 Contradictorily, according to a literature review, it seemed questionable whether any intervention program with physical activity could reduce the number of falls among elderly individuals living in institutions. 42 This intervention may be too risky in this particular group, leading to falls during exercise.
Strengths and limitations
This study used Sonn and Åsberg's revised ADL scale, an assessment developed from the Katz ADL index. This instrument is internationally established, previously validated, and tested for reliability. 35, 36 Furthermore, the study population consisted of a rather large sample of elderly men and women, including the oldest-old, randomly selected from a general population. This methodological approach improves the generalizability of the results. Furthermore, Figure 1 Change in the activities of daily living (ADL) staircase (0-10 steps) over the course of 6 years and association to falls at the follow-up assessment. Notes: An increased score corresponds to a functional decline. Risk presented in odds ratios (ORs) with 95% confidence interval as whiskers (n=1,200). Abbreviations: ns, not significant; n, number.
OR for falls
Change in ADL staircase 
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Falls and change in ADL this study investigated the change in ADL function over a rather lengthy period of time. The results showed that ADL function is a dynamic process, and a significant part of the study population altered their ADL status over the course of 6 years. The groups with the most prominent risk for falls had a change in their ADL function. This may underline the importance of studies analyzing functional assessment over time to identify groups at risk for falls and to gain understanding of the progress of disability and rehabilitation in the elderly.
The response rate at the follow-up assessment was 80%. Despite this, an attrition bias cannot be ruled out. In a previous attrition analysis of the studied cohort, the nonparticipants were significantly older with a greater burden of somatic disease, cognitive impairment, and dependency in ADL. 20 This misrepresentation of seemingly more healthy subjects may have diluted the overall results in our study. Unfortunately, the internal attrition of the ADL data was not insignificant, as 340 subjects did not have complete data in the ADL staircase. You can hypothesize that the older, frailer, and more cognitively impaired did not complete the full assessment to the same extent as the healthier subjects, excluding subjects with potential ADL deterioration. Despite this, no intent to impute data was made to reduce possible misclassification.
Because of the scope of the study, we were not able to monitor falls and other adverse events continuously from the baseline to the follow-up assessment. Although the study was prospective in its design, data on falls were recorded retrospectively 6 months before the follow-up assessment. This methodological limitation in recording the outcome variable could affect the temporality and causal interpretation of the results. Furthermore, in using a dichotomized approach, the absolute frequency and severity of the falls were not accounted for. This can be seen as a limitation, as the outcomes of a fall event in the elderly can be diverse. Despite this, a dichotomized outcome variable could be adequate, as any fall can be considered a potentially serious event for the older individual, in whom even low-impact falls can have severe consequences. 43 
Conclusion
One in four participants changed their ADL status over the course of 6 years in a general elderly population. Parts of this category had a higher risk for falls compared with those who stayed independent or had no change in the ADL staircase. Fall-preventive interventions may require different strategies, as groups with different characteristics and both deterioration and improvement in ADL were at prominent risk, including those with a marked decline in ADL, an elderly group with a greater burden of cognitive impairment, gait disability, arrhythmia, and consumption of sedatives/ hypnotics and diuretics, and those becoming independent from iADL dependency, a seemingly younger group with higher prevalence of ischemic heart disease. This group may have a history of sufficient comorbidity combined with obtained mobility for exposure to a fall event.
